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Exposure Surveillance GoalExposure Surveillance Goal

To develop an efficient system for exposure To develop an efficient system for exposure 
data collection, management, and data collection, management, and 
interpretation that encourages aggregate interpretation that encourages aggregate 
analyses of exposure data, identifies analyses of exposure data, identifies 
prevention and control strategies, and provides prevention and control strategies, and provides 
useful data for other health and safety useful data for other health and safety 
purposespurposes
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Goals for Development of Exposure Goals for Development of Exposure 
DatabaseDatabase

•• Easy to useEasy to use
•• Minimal daily time investmentMinimal daily time investment
•• Time savings on routine tasksTime savings on routine tasks
•• “Minimum” number of data elements“Minimum” number of data elements
•• Wide range of automated analysesWide range of automated analyses
•• Graphical data interpretationsGraphical data interpretations



Development ProcessDevelopment Process

•• Identification of key IH data “users” and “collectors”Identification of key IH data “users” and “collectors”
•• Focused meetings to identify core data elementsFocused meetings to identify core data elements
•• System development by research staff IH and System development by research staff IH and 

programmerprogrammer
•• Entry of past samples by research staff IHEntry of past samples by research staff IH
•• Testing by small number of company IH’sTesting by small number of company IH’s
•• Debug, debug, debugDebug, debug, debug
•• Program released for full useProgram released for full use
•• Continued maintenance and enhancementContinued maintenance and enhancement



Data ElementsData Elements

•• Sample Number/ Location InformationSample Number/ Location Information
•• Employee InformationEmployee Information
•• Exposure Modifiers Exposure Modifiers 
•• Sampling InformationSampling Information
•• Sample ResultsSample Results
•• Work DescriptorsWork Descriptors



Sample Number/ Location InformationSample Number/ Location Information

•• Unique Sample NumberUnique Sample Number
•• BuildingBuilding
•• RoomRoom
•• Outside LocatorOutside Locator
•• Sample DateSample Date
•• Hygienist IDHygienist ID



Employee InformationEmployee Information

•• Employee ID or SSNEmployee ID or SSN
•• Employee NameEmployee Name
•• Job ClassificationJob Classification



Exposure ModifiersExposure Modifiers

•• Respiratory ProtectionRespiratory Protection
•• Engineering ControlsEngineering Controls
•• Type of Work AreaType of Work Area



Sample InformationSample Information

•• Sample Type Sample Type 
•• Reason for SampleReason for Sample
•• Consecutive Samples? Consecutive Samples? 
•• Sampling TimeSampling Time
•• Flow RateFlow Rate
•• Sample VolumeSample Volume



Sample ResultsSample Results

•• Compound(s) SampledCompound(s) Sampled
•• Analytical Laboratory ResultsAnalytical Laboratory Results
•• Units of MeasurementUnits of Measurement
•• Below Limit of Detection?Below Limit of Detection?
•• Time Weighted Average Exposure (TWA)Time Weighted Average Exposure (TWA)
•• EightEight--hour Time Weighted Average Exposurehour Time Weighted Average Exposure



Work DescriptorsWork Descriptors

•• Work TypeWork Type
•• Task Group or TaskTask Group or Task
•• Task DurationTask Duration



Task Group ExamplesTask Group Examples

•• Decontamination: wet methodsDecontamination: wet methods
•• HEPA vacuumingHEPA vacuuming
•• Sorting, packaging, or repackagingSorting, packaging, or repackaging
•• Waste treatmentWaste treatment
•• HousekeepingHousekeeping
•• Ventilation system maintenanceVentilation system maintenance



Work Type VariablesWork Type Variables
Work Type ID Task Group / Task

CU1. Use of hand tools  for s ize reduction, dis -assembly, etc.
CU2 . Use of pow ered tools  (e.g. Saw zall,  drill) for s ize reduction,

dis -assembly, etc .
CU3 . Hot cutting or w elding
CU4. Decon: Wet methods
CU5 . Decon: Mechanical methods  (e.g. dry w iping, sw eeping)
CU6 . HEPA Vacuuming

CU7. Abras ive methods  (e.g. sanding, grinding, CO2  blas ting)
CU8 . Draining of pipe, tank, or other container
CU9 . Coating removal (paint , adhes ives , e tc.)
CU10 . Asbes tos  removal/abatement (including clearances  samples)
CU11 . On-s ite  t ransport  of w as te materials
CU12 . Materials  consolidation
CU13 . Sorting, packaging, or re-packaging w aste materials
CU14 . Demolition of buildings  or other large s tructures
CU15 . Environmental remediation
CU16 . Miscellaneous--not covered by current coding choices
CU17 . Polymer Macro-Encapsulation

Cleanup





Design FeaturesDesign Features

•• ColorColor--coded fieldscoded fields
•• Automated calculationsAutomated calculations
•• SelfSelf--building “pullbuilding “pull--down” listsdown” lists
•• Automatically filled “confirmation” fieldsAutomatically filled “confirmation” fields
•• Complex validation rulesComplex validation rules
•• Personnel roster from HRPersonnel roster from HR
•• Chemical agent table including TLV’s and PEL’sChemical agent table including TLV’s and PEL’s
•• Very few freeVery few free--form text fieldsform text fields



ApplicabilityApplicability

•• Single analyte breathing zone samplesSingle analyte breathing zone samples
•• Multiple analyte breathing zone samplesMultiple analyte breathing zone samples
•• Area samplesArea samples
•• Consecutive or multiple partial period samplesConsecutive or multiple partial period samples
•• Direct reading instrument samplesDirect reading instrument samples
•• Bulk samplesBulk samples
•• Samples with multiple work tasksSamples with multiple work tasks





Report GenerationReport Generation

•• Employee notification reportsEmployee notification reports
•• Medical surveillance reportsMedical surveillance reports
•• Automated sample reportsAutomated sample reports
•• Contaminant levels by any combination of the Contaminant levels by any combination of the 

following factors:following factors:
–– BuildingBuilding
–– DateDate
–– EmployeeEmployee
–– Type of contaminantType of contaminant
–– Work typeWork type
–– Task or Task groupTask or Task group



Filters and QueriesFilters and Queries

•• DateDate
•• Sample typeSample type
•• Threshold Level in % of PELThreshold Level in % of PEL
•• Work type or taskWork type or task
•• BuildingBuilding
•• EmployeeEmployee
•• Job titleJob title
•• Work packageWork package
•• Industrial hygienistIndustrial hygienist
•• Chemical agentChemical agent



Query ExampleQuery Example

•• All beryllium samplesAll beryllium samples
–– between 8/15/94 and 7/3/96between 8/15/94 and 7/3/96
–– in building 189in building 189
–– on electricianson electricians
–– doing facilities maintenance workdoing facilities maintenance work
–– where the 8where the 8--hour TWA > 10% of the PELhour TWA > 10% of the PEL



Data AnalysisData Analysis

•• Average exposure levels by work taskAverage exposure levels by work task
•• Distributions of exposure levelsDistributions of exposure levels
•• Average exposure levels relative to the PEL’sAverage exposure levels relative to the PEL’s
•• Exposure levels stratified by Work PackagesExposure levels stratified by Work Packages
•• Exposure stratification by locationExposure stratification by location



Distribution AnalysisDistribution Analysis



Analysis by TaskAnalysis by Task



Time Series AnalysisTime Series Analysis
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UtilityUtility

•• Automated performance feedbackAutomated performance feedback
•• Exposure profiles for medical surveillance providersExposure profiles for medical surveillance providers
•• Documentation for changes in monitoring strategiesDocumentation for changes in monitoring strategies
•• Identification of inefficient engineering controlsIdentification of inefficient engineering controls
•• Identification of “high exposure” work tasksIdentification of “high exposure” work tasks
•• H&S data for work planning insightH&S data for work planning insight



Web Page Web Page 
http://www.bernardino.colostate.edu/

oedb/oedb.html



Compound Frequency Percent
1,1,2-Trichloro-1,2,3-Trifluoroethane 22 2.6
1,2-Dichloroethane 22 2.6
Acetone 22 2.6
Asbestos 44 5.1
Benzene 22 2.6
Beryllium and beryllium compounds (as Be) 167 19.4 
Cadmium, total (as Cd) 10 1.2
Carbon tetrachloride 36 4.2
Chloroform 22 2.6
Chromium, hexavalent insoluble 29 3.4
Cyclohexane 22 2.6
Di-sec octyl phthalate 3 0.3
Ethyl acetate 22 2.6
Ethyl benzene 22 2.6
Ethyl ether 22 2.6
Ethylene dichloride 22 2.6
Iron oxide dust & fume (Fe2O3) (as Fe) 2 0.2
Lead, inorganic (as Pb) 65 7.6
Methyl alcohol 11 1.3
Methyl chloroform 22 2.6
Methyl ethyl ketone 22 2.6
Methylene chloride 22 2.6
Nickel, metal (as Ni) 1 0.1
Nickel, soluble compounds (as Ni) 1 0.1
Particulates not otherwise classified 3 0.3
Perchloroethylene 22 2.6
Pyridine 22 2.6
Refractory ceramic fibers 2 0.2
Selenium compounds (as Se) 17 2.0
Silica - crystalline, cristobalite (as quartz, respirable) 5 0.6
Silica - crystalline, quartz (as quartz, respirable) 5 0.6
Silica - crystalline, tridymite (as quartz, respirable) 5 0.6
Soda Ash (PNOC) (Total) 2 0.2
Toluene 22 2.6
Trichloroethylene 22 2.6
Trimethyl benzene 22 2.6
Vinyl chloride 11 1.3
Vinylidine chloride 22 2.6
Xylenes (o-, m-, and p- isomers) 22 2.6

Total 859 100.0   

Compound Frequency Percent

Breathing Zone 
Sample Frequencies 

by Compound 
Measured



TWA Samples Greater Than 10% of PELTWA Samples Greater Than 10% of PEL
By Agent, TWA Normalized to Sampling Period versus 8 Hours (1995By Agent, TWA Normalized to Sampling Period versus 8 Hours (1995--1998)1998)
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Percent Beryllium Personal BZ Samples > 10% of PELPercent Beryllium Personal BZ Samples > 10% of PEL
By Year & Quarter, Unadjusted TWABy Year & Quarter, Unadjusted TWA
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Percent Beryllium Personal BZ Samples > 10% of PELPercent Beryllium Personal BZ Samples > 10% of PEL
By Year & Quarter, TWABy Year & Quarter, TWA--88
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Medical SurveillanceMedical Surveillance

Table 5.  FILTERING FOR MEDICAL SURVEILLANCE REQUIREMENTS

Agent Total Personal
Breathing Zone

Samples (1995-1998)

TWA-8 Medical
Surveillance Criteria

Number of
Employees Above

Criteria (# of
samples per
employee)

Asbestos 40 0.1 f/cc* 0
Beryllium 162 0.5 mcg/cu m** 7 (1), 1 (2)
Lead 65 30 mcg/cu m* 1 (1)
Methylene Chloride 22 12.5 ppm* 0

* From OSHA standards
** From proposed DOE beryllium rule.[DOE, 1998 #201]
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Time Line for Exposure Data System Time Line for Exposure Data System 
DevelopmentDevelopment

• 9/95–11/97 Pilot projects

• 12/97–3/97 Identification of data elements

• 3/97–6/97 Programming Access database and front end

• 7/97–7/99 Field test with single contractor

• 7/97–7/98 Database and front end revisions, develop
reporting and analysis capabilities

• 12/98–6/99 Development of Oracle database with three contractors

• 7/99–present System operational site wide; generates individual
exposure reports; used for PPE/control decisions for specific buildings



Failures of Exposure Data SystemFailures of Exposure Data System

• Task data are not collected

• No report features in Oracle

• Database system requires IT department to operate

• DOE and prime contractor have no interest in surveillance

• No links to occupational medicine

• No surveillance for radiation exposures–only compliance reporting



TimeTime--Line Display of Job Exposure MatrixLine Display of Job Exposure Matrix



TimeTime--Line Display of Job Exposure MatrixLine Display of Job Exposure Matrix——More DetailMore Detail



TimeTime--Line Display of Job Exposure MatrixLine Display of Job Exposure Matrix——
Zoom Feature ActivatedZoom Feature Activated



Job Exposure MatrixJob Exposure Matrix

•• Monthly job and building assignments for Monthly job and building assignments for 
13,480 production workers (113,777 annual 13,480 production workers (113,777 annual 
entries)entries)

•• 20 20 buidingsbuidings, 8,740 organization codes, 4,308 , 8,740 organization codes, 4,308 
job titles, 10 chemicalsjob titles, 10 chemicals



Chemical Chemical 
Exposures from Exposures from 

JEM
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Exposure History for Individual WorkerExposure History for Individual Worker



Exposure Comparisons for Worker NotificationExposure Comparisons for Worker Notification

Exposure Comparison Guide This report shows job titles in the same building at each exposure
level to the given

chemicals.

EID: 000000 First name: JOHN Last name: DOE
This report is for building Unknown
Asbestos
Very Low Low Medium

High
ADMIN / WASTE MECHANIC-CL / TRUCK & LABOR CARPENTER / ASSEM & TEST

PIPEFITTER / MAINT
SERVICE ATTN / UTILITIES TOOL GRINDER / MACHINING CARPENTER / MAINT

CARPENTER / UTILITIES
COORD / ADMINISTRATION PROC OP-CL / FOUNDRY CARPENTER / UTILITIES

METALLURGIST / FOUNDRY

Beryllium
Very Low Low Medium

High
GLASS / MAINT EXP OP / METALLURGY WELDER / BERYLLIUM

ASSEMBLER / ASSEM & TEST
ELEC ENG / MAINT MACHINIST / FABRICATION MACHINIST / INSPECTION

CLERK PACKER / INSPECTION
ENVIR SPLST / ENVIRONMENT SCIENTIST / METALLURGY METALLURGIST / FABRICATION

CLERK PACKER / PRODUCTION

Carbon Tetrachloride
Very Low Low Medium

High
PROC OP / ADMINISTRATION CARPENTER / MAINT CLERK PACKER / PRODUCTION

CHEMIST / HP
ELEC ENG / TECH SUPP PROC OP / WASTE MONITOR-CL / HP

PROD WELDER / ASSEM & TEST
TOOL ENG / MACHINING TECHNICIAN / WASTE MAT ANALYST-CL / ASSEM & TEST

WELDER / ASSEM & TEST



Employee ID number A building you were
assigned to at the Flats

Chemical agent for which
comparison job titles are

provided

Another job title in the
same building with a 'Low'

level of exposure to
Beryllium

Another job title in the
same building with a

'Medium' level of exposure
to Asbestos.

Additional Instructions for Reviewing and Correcting

Exposure Comparison Guide

A job title with a 'High'
level of exposure to

Asbestos

EID: 000000 First name: JOHN Last name: DOE
This report is for building 444

Asbestos
Very Low Low Medium High
Q ENG / SFGDS TOOL GRINDER / MACHINING PIPEFITTER / MAINT PIPEFITTER-CL / MAINT
ENG / TECH SUPP MECHANIC / TRUCK & LABOR CARPENTER-CL / MAINT CARPENTER-CL / MAINT
WELDER-CL / ADMINISTRATION TOOL GRINDER-CL / PRODUCTION SHEETMETAL / MAINT CARPENTER / UTILITIES

Beryllium
Very Low Low Medium High
SUPVR / R & D MACHINIST / FABRICATION PROC OP-CL / PRODUCTION CLERK PACKER / INSPECTION
CHEM ENG / WASTE EXP OP-CL / METALLURGY PROC OP / PRODUCTION CLERK PACKER / MACHINING
SUPVR / LABORATORIES TECHNICIAN / METALLURGY PROD WELDER / ASSEM & TEST ASSEMBLER / ASSEM & TEST

One job title may have different levels of exposure to the same chemical.  This represents changes in the
exposure level of the chemical over time.



Distribution of Annual External Radiation Doses by Race and Sex
Savannah River Site, 1991-1998
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4  >$4,447



0

20

40

60

80

0

1

2

3

4
5

6

012345678

Pe
rc

en
t B

la
ck

 W
or

ke
rs

Bu
ild

ing
 D

os
e

Job Category

Distribution of Black Workers by Job Category and 
Average Building Dose,

Savannah River Site, 1991-1998

1-Officials and managers
2-Professionals
3-Technicians
4-Office and clerical
5-Craft workers
6-Operators
7-Laborers
8-Service workers



Mean Annual External Radiation Dose by Age Exposed
Savannah River Site, 1991-1998

Age at Exposure
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Mean Annual External Radiation Dose by Average Monthly Pay at Exposure
Savannah River Site, 1991-1998

Average Monthly Pay at Expsoure

<$2,852 $2,853-$3,560 $3,561-$4,447 >$4,447
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Workplace with Exposure Surveillance and Workplace with Exposure Surveillance and 
EpidemiologyEpidemiology

Industrial
Hygiene

Radiation
Protection

Occupational
Medicine

Workers Former
Workers

Plant
Management

Government
Regulators

Notification

Epidemiologic
Studies

Medical
Surveillance

Present Future



SolutionsSolutions
• Must have buy-in from management

• Need governmental support

• Surveillance as a “standard practice” for IHs and HPs

• Epidemiologic perspective needs to be integrated into workplace

• Surveillance must be demonstrated to be cost-effective

• Surveillance data systems extend beyond workplace

• Need advocates for surveillance data systems and tool boxes for implementation

• Incentives for academic–industry partnerships
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